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UNCLASL,, . 9

Ty e SULLARY
I. Objects of the investi ation

To examnine the properties of diethylene glycol dinitrate, and to
develop a method for its manufacture fream diethylene glycol.

The requircuents of commercial diethylene glycol for nitration tc the
dinitrate for Service use havc been investigatede The optimun conditions for
the nitration, and .for:ithe stebilisation. of diethylehe:glycol ‘dinitrate, have
been.determined by laberatory and seud-technical scale investipgotions,and
batcirand: continuous. pildt: plants for-these  operations have' beerr developeds

The manufacture of D.,Z.C.N. and rccovery of the spent acid have been
established on the semi-manufocturing scale and quantitics of the product
supplicd for cxpcrimentcl propcllant acnufacturc,

The chcmistry of D.2.G.%., the mechunism of its nitrction and the
~ rcactions of the spent acid have becn given some fund.cntil study.

No difficulty has bcen met in obtoining D.Z.G.17. of ccecepteble purity
ond cheamilecl stobility by these processcs.

The nmexinun overcll monufecturing yicld of D, 3.C..i'. so fir obtiincd
is 90 per cent theory as «guinst 94 per cunt for nitroglyccrinc. This is
o disadvantoge of D.E.G.N.

The spent ceid from DI,CG.1N. nitrotion retoins some D,S.MH.10. in

solution cnd iuncs off ot ordincry temperotures after o 'life' deponding

on the composition of the ceid. An ccid composition for continuous nitrction
has buen deviscd to give o spent ceid with o safc life cround 12 hours ot
20°C. A proccdurc has becn doveloped in which the spent ccic from the
continuous proccss is run dircetly down o dinitrotion towcr in waich tac
dissolved org aic motter is destroycd. This involves the rccovery of NOo

&8s o0 per cent nitric ceid cnd some cdditioncl nitric ceid concentrotion,

The physiccl, che.decl, oxplosive ond physiologiccl propertics of
dicthylenc glycol dinitratc so obtuined howe been deteraincd.

Conclusions

......... -

1. D.B.C.N. ccn be safely monufcctured in the scme types of plant, botch
or continuous, aos cre uscd for nitroglyccrinc. The continuous process is
more suitoble for operation with o continuous wastc acid denitrotion. In
both bateh and continuous nitrotion the safety of D.2.G.N. cnables *
simplific-.tions to bc m~de. The yicld of D.E.G. M. is lecss and the
consunption of nitric ccid is somcwhot higher thon for nitroglyccrinc,

2 The spent ccid from D.E.G.N, nitrotion is unstoble ond nceds to be

. dccomposcd dircctly and continuously. Denitrotion tower prectice hos been
found suitcblc for this purposc mnd con be scfely linked up witn continuous nitr
nitrction,
3. D.3.0.T. is supecrior to nitroglyccrinc in scfcoty in h-ndling.
he D.I.G.I. cppccrs to hove no discdvontogeous physiologicil offcects
during thc short monuftcturc to dote; thc long tern offect on heolth
of thc woriiurs is yot to Lo Gotur.dncde
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SULZ_ARY.

I. Objects of the invegtization.

" To examine the properties of diethylene glycol dinitrate,
snd to develop & method for its manufacture from diethylene
glycol.

II. Scope of the invesgtigation.

The requirements of commercial diethylene glycol for nltration
to the dinitrate for Service use have been investigated. The
optimum conditions for the nitration and stabilisation of diethy-
lene glycol have been determined by laboratory and semi-technical
scale investigations and batch and continuous pilot plante for
these operations have been developed,

The manufacture of DEGN and recovery of the spent acid have
been established on the sgemi-manufacturing scalce and quantities
of the product supplicd for experimental propellant manufacture.

The chemistry of DEGN, the mechanism of its nitration and
the reactions of the spent acid have been given some fundamcntal
study.

No difficulty has becn met in obtaining DEGN of acccptable
purity and chcmical stability by these processce.

The maximuwn overall manufacturing yicld of DEGN so far
obtained is 90 per cent thcecory as against 94 pcr coent for nitro-
glycerine. This is a disadvantage of DLGN,.

The spent acid frow DLEGN nitration rctains some DEGN in
solution and funecs off at ordinary tewpcratures after a 'life'
depending on the coupogition of thc acid. An acid composition
for continuous nitration has becn dcv1ch to give a spent acid
with a safe lifc around 12 hours ot 20°C. A proccdure has been
developed in which the spent acid from the continuous process is
run directly down o dinitration tower in which thc¢ diasolved
organic matter igs destroycd. This involves the recovery of NOg
as 60 per cent nitric acid and some additionnl nitric acid
concentration.

The physical, chemical, explosivc nnd physiological
properties of diethylenc glycol dinitrate so obtained have been
determined.

Conclugions.

i KPS DEGN can be safely manufoctured in the same types of plant,
batch or continuous, as arec used for nitroglycerinec. The
continuous process is morc suitable for operation with a contin-
uous waste acid denitration. In both batech and continuoug
nitration the safety of UEGN ennbles simplifications to bec madc.
The yicld of DLGN is lces rnd the consumption of nitric acid is
somewht highecr than for nitroglycerinc.

2. The spent acid from DEGN nitration ies unstablce and nccds to
bc decomposcd directly nnd continuously. Denitr.tion tower
practice hne been found suitntlc for thie purposc "nd c™n bc
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safcly linked up with continuous nitration.
3. DEGN is superior to nitreglyccrince in s~fcty in hondling.
4, DEGN appears to have no disadvontogcous physiologicial

effects during the short monufacture to datc; the long tora
cffect on health of the workere is yet to be deteruined.
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Rcferenee XL,R.510/2.

I. Introduction.

In this section of thc report a pilot plant for the monu-
facture of DEGN by the Schmid continuous »roccss is dcscribed,

The Schmid plant has been uscd for mony ycoars for thc
production of nitroglyccrince nnd congists eseentinlly of n
colandria typec nitrator and on inclinced box which functions as a
geparator. The glycerol and mixed acid are fed continuously
to the nitrator and the reaction mixture is coolcd by passage
through a large number of verticnl tukes ¢ncosed in n brinc drum,
The emulsion formed cverflows into the separator wherce n constant
level of scporation is maintained by continuously toking off the
product from the top, and spent acid from the bottom of the vessel.
The crude product is deacidificd and stabilised in o serics of
glass washing columns, which nleo opcrate continuously.

A continuous process is egpccially esuitable for the manu-
facture of DEGN because of the opportunity it affords of disposing
of the unstable waste acid {see Part II), within e rcasonable
period of time. Continuous counter-current washing is advan-
tngeous for working up the prewash liquors of recoverable strength.

The nitrator and scparator of the DEGN Schmid pilost pl-ont
were degigned by scaling down the 600 Kgm/hr. nitroglyccrinc plant
to approximately 1/10th full size, i.c. €2 g to prnduce 10C 1b./hr,
of DEGN.

The waoshing plont was mhde from stondord pyrcx gloee pipe -nd
fittings. .

It has been shown that DEGN chn be gafely ~nd conveniently
made continuougly by thie systcm. Overall yieclds »f 885 of
theoreticnl have bcen obtnined on runs of short duration: thies
ghould incrcase to 90% with longcr periods »f nitration,

Methods for the continuous rccovery »f thc spent acid nnd

prcwash liguore produced have been worked nut ~nd are discussed
in Part V. of the report.

/II. Description
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II. Deesecription of Plant,

The nitration and washing plant is houscd in the former N.G.
No.2 Yaghing House at "T1ltham. The Schmid Housc is thus nt
lower level than the Botch Nitrating Hill, being on the some level
ag the No.l Wnshing Housc¢, which is now used for bntch wnshing of
DEGN .

The other buildings on the sitce such ag the Solution House,
Charge House, Wash Water Settling House, t¢tec., scrvc for bnth the
batech and continuous plonts, and are as described in Part III;
the supplies and services available to the two plants nre, in most
respects, identical. Additionnl piping wag installed between the
Chnrge House and the Schmid House to carry brince ond mixed acid
suppliecs; ond return piping for brine nnd wastc ncid was nlso laid.

In the case of the N.G. Schmid plants, glyccrol and mixed acid -
for nitration arc declivered to the Nitrating House from pressurised
vessels in the Charge Housc, but owing to the distonce betwecen the
two houses a different arrangement was made for the DEGN plont.

The acid runs from the Chnrgce House by gravity flow to the nitrator,
nnd the DEG is delivcered from pressurisced vesscels situntced insidc
thc Nitrating Housc.

DEGN from thc Schmid House¢ is tronsportcd to the Wasghing Housc
ng on cmulsion which is firet clevotced into a high lcvel pipe nnd
then dischrrged froin this into the origincl guttcr connceting the
Batech Nitrating Hill with the Washing House.

Drawinge of 7ll the itcms of plant ~rc¢ not ~voailnblc, but
threc drowinges -r¢ reproduccd which show the det~ile of the nitrator
and sepirator. In ~ddition, six photogrnphs showing scvernl
gecetiong of the plant e inetollced, and a flow sheet and a'flow
diagram of the process, are reproduced.

Supply and Handling of Raw lNaterials.

DEG: (Specification see Part II). This ies supplied in 40 gal.
drums ond is blown through a 1" m.e. line into either of the DEG
gervice tanks by opening the appropriate cock.

Mixed Acid: This is mixecd from 98-99% Nitric Acid and 2(% Oleum,
at the Acid House and stored in a 1,000 gal. stainless steel tank,
It is pumped to the Charge House above the Batch Nitrating Hill
where it is received in a 180 gol. m.s. tank. From this it is
filtered by pumping through a staoinless steel meta filter, into
¢ither of two B0 gnl. s.s. service tanks. The outlete from these
tanks nre connected by 2 s.sg8. line direct to the rotametcr in the
Schmid House in the feed to the nitrator,

Displaocement Acid: This acid, which is used ot the beginning
and the end of cach run, is mixed ot thc Acid House from rccovered
nitric acid and sulphuric acids, in & small mixing plant, and
gufficient for each run is truckcd to the Egg House below the
Nitrating Hill. Here it is blown from 2 30 g l. s.s. c¢gg, through
8 8.8. line, to the Displrceiment Acid Tonk a2t the Schmid Housc.

Procesgs Water: River water is pumpced to ~ water tower and
piped by gravity to the Schmid House where it is filtcred through
8 lleaf Tfilter bufore ust,

/Sodn



Soda Solution and Scoftened Waoter; are prep-red at thc
Solution House, €levatcd by compressed air cggs to thc Charge
House, and stored in golvanised tanks. Supplics are pipcd to
the Schmid House by gravity flow.

Other Services:

Warm Wotcr Supply: This is used at the Schmid Housc to control
the temperature of the DEG supply. It is obtained by pnesing
steam into cold river water, in a jncketed 145 gal, steel tnnk,
on the mound outside the house. The supply is drawn off from
the top of the tank which ies kept full by 2 ball valve on the ‘cold
water inlet; the teuperature is mointnined ~t 30°C. by » thermo-
gtat valve on the stcom linc.

Comprcsesed air: Thig ig dclivercd to the Schmid Housce ~t
80 lb./sq. in.

The cooling brine used for nitration is 30-35, C-lcium Nitrate
containing 72% Sodium Nitr tcé which ies circul- tcd to the Schmid
House at a temperanture of -10YC., from the high lcvel store tnnk
(2,660 gals) above the Batch Nitroating Hill, It ie rcturned to
an ammonia refrigerator nnd pumpcd from therc back to the high
level tank.

The Charge House is 2 two-roomed building ~nd was dcecribcd in
part III; it accommodatcs on onc side the high lcvel neid storage
and supply tanks, and on the other the wash golution supply tonks.

Schmid Nitrating Hougc.

This is a circular wooden building, 20 ft, diomcter, troversed
and mounded over on all gides to o height of 20-30 ft. with o
tunnel entrance. A platform on one gide of thc housec, originally
supported three N.G. Waghing tanks, which have now been rcmoved.
Steel joist pillars, tied together by cross-members which pass
through the wall of the building into thc conerctc traverse, were
erected acrose the building in front of thc washing plntform, and
support the principle items of the Schmid plnnt. A wooden platform
on two levels, is built out from the front of thc steelwork ond
provides working space from which the nitrator and separator arc
controlled. Accese to thie plotform from floor level is by a
gtairway on the same side of the house ns the tunnel entroncc; an
escape door at the far end of the platform lende to the top of the
mound . The floor and platforms arc covercd with shecet lend. The
building has a number of small windows around the wall just below
the eaves, and is alego illumin~tcd by c¢lectriec bulbes in flamc-
proof fittings.

The nitrator =and stirrer motor nrc. mountcd togcther on a back-
plate which ie bolted in an upright poesition to thc stecl joists
about hnlfway ~cross the house, The separator is supportcd at na
a lower level to one side of the nitrator, on 1 egtcel box framc-
work, built out from thc main girdcrs.

The main nitration platform lcvel is 7'6", the smaller plat-
form under the separator being 6'0" "bove floor level.
On the for side of the nitrator is the motor control gear, Arcao
air valve, and a control panel., Under the nitrator plntform are
the DEG service tanks and the drowning tank. Two light steel
frames which stand on the floor, pn the entronce side of the house,
support the prewash and final washing eslumns, their hcights being

/such
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such that DEGN flows from the separator to the prewash unit,
and thence to the final wesh unit by gravity.

On the original washing platforn, which is also reached by
a weoden stairway, are two amall hand washing tanks; a filter
for process water stanag on the floor underneath the platform.
Two lead labyrinths, one on floor level and the other at the
gide of the washing plstform, complete the main plant items in
the House. Wash waters containing DEGN are passed to the Wash
Water Settling House, down a lead gutter, and uncontaminated
waste water is taken asway by a covereda channel in the floor.

On the roof, outeide the house, ies a Displacement Acid Tank
and in the traverse are air lifte for waste acid and prewash
liguor.

Contrcl cf Supplics.

DEG; The high pressure air supply is reduced to 27 1b./
8Q.in. by an Arca reducing valve and regulator, cccessable from
the nitration platform, and the controlled low pressure applied
to the DEG supply tanke, which are duplicated so that one con be
recharged while the other is on fced, The air to cach trnk is
controlled by a globe valve on the contrel panel, and the pressure
on each tank, as well ag at the Arcn, is shown by gouges nu the
panel. The tanks are connected in parallel and have identical
fittings, viz: inlct controlled by brass plug cock, dip-pipe outlet,
air connection, drain cock, thermemetcr socket, safety valve,
pressure tapping ond air relcase cock. No liguid level indicotors
are fittcd but the DEG used is metered and the tanks con be dipped
when not on service. The copacity of the tanks is 40 gals. nnd
100 gals.

To echange from onc to the other during » run, whilc the first
tank is still delivering DEG, the seccond tnk is put under pressure
and the outlet cock opened, anc then the first tnk e¢nn be shut
off, the pressure rclensed, and the tank refilled. The outlcet
lineg from the tanks rc fitted with strainers to prevent solid
particlcs from reaching the rotomcter ~md injector,

It waos found nccessary to regulatec the tcmpernturc frirly
closcly in order tc mcter the DEG with sufficient ~ccuracy by rotn-
mcter, The tnnks arc fitted with coile for circul~-ting wntcr to
regulatc the DEG tempernture, but thie system wne discontinued.

Thc DEG is now pnsscd through n tcmpering coil in the delivery linc
from the tankes to the rotimeter; the coil is imnersed in o small
tank through which warm wnter is kept flowing, "t ° rante controlled
from o vnlve on the control pancl. In prngeing through thc coil
the DEG attains a stcady temperature.

The rotameter is a free flont type, range 0.0l - 0.20 gole./
minute DEG with m.s,., fittings, nnd is controlled by a needlc valvce.
A mercury-in-glass thermometer, by which the DEG tcmperaturc is
observed, is inserted in a pocket on the line between the rota-
meter ond the injector. Immediately hefore the injector is a
bronch pip¢ normally closcd by = coeck; this is uscd to rcturn
the DEG to the tank not on feed at the beginning of a run6 unEil
the DEG hos rcached the operating temperature which ies 2CC. =+

05199,

The injector is attochcd by n bracket to the nitrator stirrer
cneing, in an off-central position above the centre tube of the
nitrantor; it ie -n originnl glyccrine injector from the N.G.

/Schmid
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Schmid plant, It has a spring loaded plunger operated by a
projecting lever, by which the DEG can be quickly shut off by
hand; the sleeve which on the original plant automatically
locked the injector shut under certain abnoriial conditiong of the
plant, has been reinoved, and the jet has been re.uced in size

to 1/16".

Mixed Acid enters the nitrator at the bottom of the drowning tube
from a rotameter of the frec-float type.

The bottom of the rotameter is connected dircctly to the
mixed acid line frga the Chargc Housc.

The temperature of the mixed acid is not controlled.

Digplacement Acid may also be fed to the bottom of the nitrator
through the same rotamcte¢r, by gravity from the D/A tank, which

is mounted on the outside roof of the house. This is a 35 gal.
stainless steel horizontal tank, its fittings comprising a flanged
inlet at the top, outlet at one cnd, a thermometer socket, air
spray coil, water cooling coil, and gouge glass with drain cocks.

Both acid supplics are controlled by s.s. plug cocks opecrated
from the nitrator platform; one of the main valves is first
opened fully and the flow is then regulated by a s.s. plug cock
under the rotametecr.

doql;ng‘brine to the nitrator is controlled by gate valves on
both inlet and outlet. The inlet and outlet temperatures are
shown by Negretti & Zombra mercury-in-steel dinl thermomcters on
the control panel.

Nitrator.

The nitrator consists c¢ssentinlly of 21 s.s. c&l 'ndrin, 10#“
int, diam, x 1'112" outside tube plotes, with n cuntral tube 4

diam. and 30 tubes each 13/16" int. diam., 1% ext.diom. x 1'113"
long, arranged in two conccntric circlcs of twelve nnd eighteen,

The central tube is welded into the hender pletes; the tubes
which are cold drawn g.s. carcfully nnciled nnd polished intcrn-
ally, are swelled to 1.1/32" outeide dinmctcr for 1.1/2" at ecach
end, and expanded into thc hender plntes. The lips at the top
ond bottom of the central tubce nrc rounded off to assist cirecu-
lation.

The drum hos a brinc inlct on one side ncar thc bottom, and
outlet on the oppositc sidc ncar the top. A brine drain cock
is provided at the bottom, and an air relensc cock nt the top of
the drum.,

Baffles of 1/8" m.s. cut away on one sidc, with 1.1/16" diam.
holes for the tubes to pass through are spoccd ot intervals with-
in the drum: these arc placcd with the cut-awny cdges alternately
opposite the brine inlet nnd outlct, to ensure thorough circu-
lation of the brine.

At the lower end of the cflandria is n dished bottom, bolted
on and sealed by .a lead ring. A raised serrntcd ridge on the
upper surface clamps down on to thc lead (chemically purc lead),
which is melted into o groove on the lower surface.

/The



The bottouw hre ~ f1nged outlet to which the drowning
tybc is attochud. This ie 2'9" long "nd cxtends downwards
through the nitr-~tisn pl~tform t2 re~ch the drovning tonk,

The drowning flap ie -hingud plote attachoed to o flange
at. the lower end of the¢ drowning pipec. The scal is made with
n lead washer, and the £l p is held in ploee by 2 gquick-relcase
lever., When operoted, this rele~seg the flap and also forccs
it off the senl, thus cnsuring that 1t opens. There are btwo
Tlanged side conncetions at the bpottom 2f the drowning tube above
the f1lnp, one for entry of mixed aecid and the othcer, normally
cloged by a plug ecock, for running out thc contepts of the nitrotor
cfter 0 normal shut-down.

The upper end of the c~landria is fitted with a s.s. section
similarly tclted on and sealed, and ccvered by a toughened plate
glass windcw in two sections, through holes in which pass the
stirrer, a mercury in glazs thermocmeter, and the DEG feed,

The DEGN and acid emulsion overflow by a tube in the side cof
the top sectiovn into a tundish attached to it; & fume outlet is
also fitted to this section.

The sidces of the ceslandria drum arce lagzcd to a depth of
23" with looscly cruupled aluminium foil, rctaincd in placce by an
cuter stecel casing.

The brine drum is tested to 160 1b./sq.in. hydraulic pressurc '
and to 8C-1b,/sq.in., with air, with soap suds painted on all
Joints and cxpanded cnds of tubcssy 1its working pressurc is 35 1b./
8Q.1in.

A s.8. stirrer shaft passce down the ccntrce tube, and carrics
a threc bladed prosellor, which operates in the bottom of the
nitrator, circulating thc mixture down the centre tube and up the
outer tubcs. It originally olso had two straight bladcs near the
top of thc ccntre tube,; but these were cut off and in addition ahn
inverted conc shapcd s.s. pivce was inscrted into thce top of the
centre tube, the purposc of thesc modifications tcing to improve
thc circulation,

The shaft is driven direct from a § H.P., D.C. motor in flamc
proof casing. Its speed is controllcd by a startcer and speced
rcgulator, also in a flameproof casec, on thc nitration platform;
an indicator lomp in the cireuit shows when the motor is on,

The specd variation is from O to9 900 r.p.m., the stirrcr being
normally run at about 500 r.p.m,

The nitrater ig fittcd with two thcrmometers, a mercury-in-
glage typc in onc of the outcr tubes, and a Negretti & Zombra
mcerecury-in-stecl instirumcnt, thc bulb of which is locatcd in thc
bottom of the nitrator. Thig hog ~ trip mechanism incorporatcd
in the easc, which is mountud on the control ponel, and gives
warning of cexccss teupceraturc by lighting 7 red loupe. It is sct
to operate dt 209C, the nitrotion tamperature being 15°C,

Scparator: The sueparitor ie °n eneloecd vegscl, couprising two
8.8, scctions boltud togutiacr "nd sunled with lend in the wonncr
dceeribed ~bove.

The lower geetion s -~n inclinud reet-ngul '» box, 123" squore
%\ 2'1.." (Longeide) ~nd 12 " (short side),; the 49 flange Leing
horizont -1, ¥t H3H Botitci run-xT inty which two gidc ceonncetione
Lo
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are welded, a 3" diam. manhcle in the lower end, and a blank .
flenge on the oppesite (long) side. It has nc corrugated pecking
which is normally found in the N.G. plant, to assist separation,
but a brine ccoling coil was fitted into this part of the separator
to control the waste acid temperature if necessary.

The upper section has tne form of a rectangular pyramid,
124" x 1'6" x 1'5" high. The acid and DEGN emulsion enters by
two spray pipes which pass through one side Jjust atove the flange,
Separation is cbserved through a long slit window of toughened
glags on the front side, illuminated from a sccond circular
window on the opposite side, through which shineg 2 lawmp in on
enclosed flamcproof fitting. :

The upper section is surumounted ty ¢ glass lantern toltld
on and sealed, into which thc¢ scparted DEGK riscs, overflowing nt
the top into a central tubc. Thie delivers by way of » pivoted
channel arm, into onc or other of thu two cougprriments of 1 g.8.
dividing box, so that thc streain of DECN is dircctcd cvither to the
wagh columns, or into onc of the h 'nd woghing tonks,

~ The boettom run-off froam thc scpor-tor Gisch.rgece into the
drowning tank nand ies noriinlly clostd by ° drovning fl:p siiail-r to
that of the nitrator. Separated waste acid leavee by one of the
pide outletes at the bottom and overflows into the overflow bowl,
"which is mounted on the wall behind the separator. The levels ™
of the waste acid and DLGN overflows 2r¢ guch that the nomnnal
level of separation is vieible in the window provided; this level
can be controlled by @ s.s. plug cock on thc waste acid ovcrflow.
The other side outlet at the bottom of the¢ scparator is for
emptying thc vesscl after closing down,

The blank flangc in the lower scction of the separator ccplacce
a,separate drowning out pipec for the contents of thc uppcr part
of thc separator, which was supplicd but is nct fitted.

Two thermometers are providcd; onc is a mercury-in-glass
thcrmometer which passcs through the top of the lantcrn and
records thce temperature of the separated DEGN; +the other is a
Negretti and Zambra mcrcury-in-stccl, which rccords the woste acld

temperature., Its bulb is in thc¢ lower part of the geparator;

the case is mountcd on the contrel ponel and has an ~larm trip ~nd
warning light set to operatce 7t 20°C, thc s ~s the nitrotor,
Overflow bowl: Wastc acid rises up - centrnl tubce :nd overflows
into 2 s.s. bowl covered by a glase inspection docuie. The acid
flows from a bottom outlet to the waste acid air 1ift. A fTuuie
outlet and an overflow pipe are also provided, Id N.G, wanu=-

facture the acid is diluted slignhtly with water at thie point, to
prevent after-sepsration; the DIGN acid is not diluted, since
thies is not desirable, and no after sencration occurs tecausce the
acid is not stored for any time,

Prewagh Columns. ' ¥rou the dividing btox on the ecparator the scid
DEGN runs into a s.s. rcetanguler box with o gloping bottoil and

2 bottom outlet. The outlet is flanged to the top of the first
wash colunn, On the side of thc box is an overflow for wash
liquor which dischargce into ¢ g.e. baffle tonk ond overflowes Trom
thore tu the air Yift for prewash liguors. Therc is aleo 0

baffle in the box iteclf, to ret-in DEGN, mnd o brinc cooling

coil, to prevent the prewash liguor heating up. Thies is supportcd
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from a belted-cn 1lid which &lso has & gockct for a mercury-
in-stesl dial thermomcter, and a hingud 1nepcetion opening,

The washirg ccluwars, of whiehh there are three, arc 3"
standord Pyrex glass pipc; the firgt and third arce 2'6" lcng
and ccrntoin 5 mesh s.s. trays which support layere of 3/8"
glass bteads; in thesc columns the fluw is counter-current,
the DEGN descending through the wash woter whizh flows upwards,
The middle column which ies 3'0" long hos o s.s. air injector at
the nottom. Thig lirte DEGN from thi bettom of the first
column, and wash water upwords, se¢ that the flow here is cc-—
ecurrent.

The teop cf the seceond and third columns tire connected by
standnrd Pyrex Tee picces; the DEGN fanlls into the third column
and the wash liqucr is rcturned by o PVC hose to the base of the
first zclumn,

The lewer end of the third scolwin is extended by a glass
separating secticn, the bottom ¢f which is clesed by & s.s8.
flange with a centrsl 1/4" cutlet. It hag a side inlet through
which fresh wash water enters. A separation level is maintained
below this point, by allowing the sepsrated DLGN to overflow
through a flexible tube attached to the bottom outlet, and raised
to a height sufficient to palance the wash water in the celunin.

The cverell effcct cf the washing unit is counter-currcnt
flow of DEGN and wash liguor, although the flow in thc individual
columne ig altcrnately counter-currcnt and cc-current.

The wash water flow 1s regulated by a rotamcter, C.02 - 0.2
gals./min, with m.s. fittings, and thc air, vhich is supnlicd
from a rcducing gauge at 20 1b./sqg.in. is controllcd by o scruw clip.
The air and water lines are tnhken up to .2 height nbove the top of
thc columns before connccting up, so as to prevent the DEGH and
wash liquor from getting baeik into the supply lines.

Final Wash Cclumns. Originally thu arrangenient of the final
washing columns wos gimilar to th it of the prcwngh colunns,
gxcept that there were five columng instceod of three, two co-
evrrent "nd threc counter-current. The scda solution entered ot
the bottom of the third eclumn, wnd the soft water 7t the tottom
of the fifth column. The soft wotur, flowing bpoick, dilutcd the
gcda golution which wog supplicd ot o higher gtrength than
rcguired, to compengate for this dilution. The goluticns weres
mctered by rotamceters of range C.05 - C.5 gals./min, The
cfflucnt dischnrgcd from the first ceclumn through the s.s. fecd
box passcd through an lecad bafflce tank and thence to the 'agh
Water Settling House,

Thc separated DEGN collcceted 7t the bottom of the final
column and was re-cinulsifiecd in nn injector nnd lifted away intc
the washing tnnks in the housc. The s.8. injector wag scnled
acwn from the stondnrd N.G. pattern tronsport injector; it waos
fed with soft woater contrclled Ty 2 valve ond pressure gauge.

Fume disposal. Fume from the fin-l wreh cclumns ie led by
aluminium pipes flonged to the teps of the cclumnes to ¢ lend
catchpot and thence evnacurted to ~tuwospherce, vit 1 stick pipe,
Wwith an air injcetor to crecate the nocesgsnry v cuum,
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Fume frcm the nitratcr, separatcr, diluticn box, and pre-
wash ceclumns, is passed through s.s. piping to an e€arthenware
Wolffs bettle, to trap DEGN vapour, and thence through a stone-
ware absorpticn tewcr cuteide the mound, to remove acid wvapours,
Sucticn is maintained by an air injcctor on the absorption tower
outlet.

Drowning Tank and Drowning lMechanigm.

The drowning tank, which is &' x 4' x 3' (36C gels.) is of
sheet lead, draped on a steel frame. It stonds undacr the
nitrator platform and is positioncd so that both nitrztor nd
separatcr drowning tubces discharge into it. It is normnlly
2/3rd full of wnter and has an nir nzitotion coil, :né overflow

Fal

-and droining foucets. It ie cupticd through - 1 btyrinth.

The drowning flaps are connected ty rods and cranks to two
independent drowning levers uounted side by side in & box fraue
cn the nitrator platfor. A third lever enatles both flaps to:
be pulled simultaneouesly if required, as in an cuaerzency. The
flaps can also be operated by a wire and pulley systei from either
of the exit doors. Operation of the drowning lcveres simultancously
cpene a2 quick acting valve, which pute air agitation on to the
tank.

Air Lifts.

The wgste acid and prewash licuor lince are connccted to two
air lifts in the traverse of the house. These are made of stoin-
lcse stcel and are the usual pattcrn uscd for ocic work. The
waste acid is lifted into a s.s. linc from which it flows dircct
to the deonitraticon feed tonks; the prewash liguor ig returned by
a second g8.8., line to a.mixing vessel in the Egg Housc, wherc it
is fortified with C.0.V. ond then elevated to the denitrntion
feed tanks, this latter eperation being an intcrmittent onc.

The air 1lifts arc operated with low pressurc air nt 2-5 lbs./
sq. in. rcgulontcd from outside thc housc. Thc displcument
acid left in the plant at the cnd of & run is 2lso cvacuatcd by
the woete ncid air 1lift. For this purposc the side drain
connections nt the lower end of the nitreotor ~nd scparntor drowning
tubcs are tec-d into the waste ncid linc .from thc overflow bowl,

Storage and Batech Wasghing Hougc.

This is the No.l Washing Housc dugeribed in 2-rt III of this
report. The batch washing tanks rc uscd for the storage of
DEGN from the Schmid pl-nt nd for furthir w-ghing, if rcquircd.
There are two tanks, e€ach with 2 ¢ poeity of 1,000 1lbe. DLGH,
Smaller quentities of finished DLGN can be stored in the siell
hand washing tanks in the Schmid Houee, although the priuary
purpose of these ig the emergencv storage of unwashed DLGFN fromn
the separator, if the wash colu.ns get out of Pbalance and are
taken off-stream temporarily. The coubined c pacity of thcse
two tanks, which are of the conventionsl lead pattern, is 500 1bs.
DEGN, plus wash water.

The washed and stabilised DEGN is filtcrcd in the usuil way
through sponge filters, wmcnsured out in ~ 25 1b. lend N/C type
burette, and stored in lacgucred cans.



Acid Recovery Plnnt.

The aecid recovery is worked on 1 continuous bsis nnd
thereforce forms on integrnl part of the process. The plont
compriscs cCssentially a stenm heated Pouling type denitrnation
still, 6" diam. x 9' high. It hns duplicate lead foeed tankes and
feed boxes, o sgilica condensing ceil, stoncwarc besorption
towers, and a lead cooler for denitrated necid.

The waste acid from the nitrntion house collcecets in one of
thc feed tanks and is passed into the tower without declay through
n siphon weir feed box. Fortified prewnsh ligquor is fed from the
sccond feed tank, this being filled intermittently from the mixing
vegegel in the Egg Housc.

The condensged strong nitric acid is colleeted dircet in
stainless steel drums ready for transit to the acid mixing plant,
or storage. The denitrated sulphuric acid is nlso collected
direct into drums, these being aluminium, conted internally with
an acid proof paint. The weak ncid is tronsperted to the
concentration plomt and subsequently re-uscd as C.0.V.

Safcty Devices.

Manual control is relied on, with the exception of the asuto-
matic warning devices listed under (B).

(A) Devices controlling supplies. The DEG supnly can be
instantly stopped by hand by closing the injector. The mixed aciad
ig controlled by ordinary plug cocks.

(B) Alarms. ‘larning of exccss temperature in nitrator and
separator is given by red lamps operated by mercury trip switches
incorporated in the Negretti & Zaubra dial thcrimomcters, The
trips have tc be resct by hand.

Warning of power failure isg given By a lamp on the control
panel. This ie in the motor circuit and consequently is only cn
while the motor is receiving power,

(C) Drowning. This is e¢ffected by hand lcvers operatcd from

the nitrator platform, and also by cord and pullcy systecm from
cach of thc doors.

HEIE,
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JII. Notes on Plant Design,

Nitrator: Reing a scaled-down version of the standard
600 kgm/hr, Schmid nitrator, it was necessary to compromise with
the significant dimensions in order tc secure flow and heat
transfer characteristics as close to the original as possible,
The degign adopted was based on a 4" central tube, and riser
tubes of the same diameter as the original, i.c. 1" nominal tube
(18/16" int. diam,) with 30 riger tubes, this gave & cooling
surface of 1.8 sq. ft. for thc¢ down tube, and 10.9 sq. ft. for
the riser tubes, total 12.7 gq..ft. With the stirrcr spced
adjusted to give a vceloecity in thce riser tubces of 1 ft./scec. the
velocity down the central tubc ies then 1.85 ft./sce. and the
timecs of contact are reepectively 1.75 eces. up and 1.28 sces.,
down. The ratio on the full scalc plant is 2 ft./sce. in thce
down tube, for 1 ft./scc. in thc riser tubecs, and in the initial
operation of the DIGN nitrater, thc pull into the ccntral tube
wag found to be insufficicnt, and 2 stagnant patcech cccumulated
at thc surfoce round the impcllor shaft. Thies was curcd by
inserting a stainle¢ss steel conicol rim into the top of the
central tube which recducced the initicl diamcter of the tubce from
4" to 3" and also reduced the clcarance from the centrnl tube to
the surface, the net effect being to rcduce the cross sectional
arca nt this point,.and increcasc the flow velocity.

Scparator. Thie was supplied without the corrugated sheets
normally fitted to the N.G. separators, and these do not seem to
be necessary for DEGN waste acid,

It has not been necessary, with the acids encountered so far,
-to use the brine coil in the separator to prevent a tempcrature
rise. It could, however, be used to cool the acid below nitrating
tcmperature, and thus depress the solubility losses of DEGN in
the acid.

Prewash columns. Except for some changes in the type of pack-
ing used in the counter-current columns, and thc addition of a
cooling coil in the off-take box for the¢ acid wash liguor, the
prewash columns have operated more or less as designed.

- Thc packing originally uscd congigtcd of Steduion concs of
gtainless stecl gau~e, the intention being that DEGN would wet the
concs in prcfcrencc to water. Howcver, this did not occur, nnd
thc recsistance of the concs cnuscd flooding; sincce the cxtrretion
was in any casc cfficient c¢nough, the Stedmnon packing w.s
replnced by a sicve-plate type pneking, m~dc with 8 mcgh s, 8.
gausc,

When the amount of water dniittcd to the colunms was roducced
go as to produce acid liguors strongcr than 30% HNOz, it wos
found impossiblec to kcep the tampcerature of the finnl wash liquor
bclow 40°C., and a cooling coil was fitted in thc off-tokc box.
This ecirculates brine, but thce cooling rcquired to hold the
tcmperature down to 20°C. is not very great and cold wnter cooling
would be satiefactory.

The dcgign of the stoinless stccl end picces ot the bottom
of the first column were modificd so ns to prevent the accumulation
of stagnant DEGN,
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The final geparating section for ULGLH at the lower end of
the last cclumn is too small (capacity 15 1bs. DLGN) and the
control cf separation level ie too senesitive. Thie should have
a capacity of aporex: 3-5 1b, separated DEGN.

Final Wash Coluiing. The original unit wae deeigned on the
game principle ag the prewash columng, viz: alternate co- and
counter-current colunng, no scparation being provided between the
soda and finsl water columns, The final scparating sceticn was
gimilar tc that in the¢ prewasgh coluimns.

In the presence of alkali, however, thc DEGN pcrsistcd as an
emulsicn fcr longer than in the acid prcwash column, and 3 propcr
flow of separated DEGN down the countcr-current columns was not
obtaincd. A fairly large separator is therefore neccessary
betwecen the soda and final wash unites, 2nd nlse after the finnl
wash unit, nand these medificaticong arce teing modc. Ag the N.gJ.
type co=-current columns hove large intcrmediate separators and
could be uscd without modification for DEGN washing, there is no
nced for cxtensive investigotionnl work, but it would be advon-
tagcoue to recduce the held-up in the intermediate separntors as
far os pessible. The Tinzzi principle may be useful for this
purposc.

The design ndopted for the prewash unit is considered
supcrior to thc stondard N.G. co-currcnt towers, for deacidi-
fication, since it is necessary to work up the strength of the
neid ligquors, nnd this would regquire nt least two stondord N.G.
co-current towers and intermcdinte scparators, with backwnrd feed
of wneh water.
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IV. Operation of Pl-nt.

Pive operatives 2re reguired 1o work the plont, onc for
nitration, on¢ washing, onc to m-int-in scrviceg, "nd two for
the acid rccovery plant. Their dutice nre clunrly-defined in
the "Working Regulntions" which c¢-~ch iwi'n ie rcquired to lcarn.

Prior to nitration, 2 numbcr of tcets arc¢ cnrricd out by
the nitraotor attendant,; under supcervision. Thesge consgist of
inepecting the cmpty nltr tor nnd scpirntor, tcsting both drowning
mechanisms, checking the run-off cocke for smooth working, ~nd
teceting the brine drum for lcaks by cxpelling the brine and
filling the¢ drum with H.P. air.

Regulation and testing of the¢ Arca l.p. air rcgulator ie
donc by the scientist-in-chnrge,

To prepare for nitration, the scrvices »nd supplies arc opened
up according to o definite schcdule. The plantis rcady for
nitration to commecnce, when

(a) all services and supplies are availnble.

(b) the nitrator and separator have been filled with dis-
placement acid and the displaccment ncid tank has
been refilled.

(¢) the wastc acid overflow cock is shut,
(d) +the DEG tank is on pressurc.

(¢) the DEG ~nd }/A rotamcters nd thce DEG injeetors h-ve
been tcegted 2nd eclcared of ~“ir locks.

(f) thc DEG hae been circul-ted to bring its tcuaper turc
to 20°C. in thc delivery linc to the injector.

(g) the brinc temperature is ~t -6°C. or lower.
(h) the wash columne hnve been £illed with wneh solutions.

To commence nitraotion, the stirrcr motor is started nand
adjusted to the normal opcrating specd (indicrted by ammctcr
rcading), the brinc ie cracked open, nd the mixcd acid flow is
gtarted, When the temperaturc hns fnllen to 10°C., thc DEG
injcctor is opened. When the DEG nnd I/A flows nrc steady, the
temperature is allowed to rise to 15°C,., and maintained by regu-
lating the brine outlet valve, Thc DEG tcmpcecrature is maintnined
at 200C. by the warm wntcr control volve.

About 40 mins. after storting nitration, sufficicnt DEGN
will have collected in the separator, and waste acid is then
allowed to overflow to the air 1ift, so as to mointain the separ-
ation level constant. At the some timc, DEGN begine to over-
flow to the prewnsgh column, and thc wasgh wntcr, 2ir and brinec on
the prewash unit are opened up.

The wash liquor from the columng flows through the 1labyrinth
tank and is taken away by air lift. Thce prew~ehed DLGN ~ccuwnu-
latce in the separating scction ~fter ~bout 1C minutces nd is
then nllowed to overflow to the fintl woelh’ unit, thc suppligs to
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which are then also cpened up. When the washed DEGN separates
at the end of this unit, water is turned on to the transport
injector to take it away to storage.

To close down, first the DEG and then the liixed Acid supplies
are shut cff, and the brine closed in. The waste acid overflow
cock is shut and the stirrer motor is stopped. Displaceiient
acid is admitted to the nitrator through the mixed acid rotameceter
at such a rate that the DLCN is displaced to thc wash coluing at
approximately the normal ratc, ‘"hen all the DEGN hag been dis-
placed from both nitrator and separator, the displaccmecnt acid
supply 1is shut off and the acid in both veescls run out through
the bottom run off lineg to the air lift, About 1 hour is rec-
quired to empty both vesgscls by the air 1ift. The wagh colunns
are kept in operation until all the DEGN has beun passced through,
The columns are then cumptied from convenicnt low pointe und washed
cut to remove traccs of DLGN, The wasgh liquor labyrinth is
cemptied and the air 1lifts draincd. The nitrotor and separater arc
washed ocut with water and nllowcd to drain into thc drowning tank.

/.
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V. Operating Conditions.

l, Nitration and Separation. It wae coneidered desirable
when the plant was first operated to use a nitrating acid which
gave a wasgte acid of more than adequate stabrility. The Woolwich
nitrating acid, viz: 2.57 parts of 72/28 acid was therefore not
used, since the waste acid has a life of only 3-6 hours. The
acid used at Bomlitz, viz: 3.18 pts. of 62/35/3 acid, was used in
the early runs; later the conditions were changed to 2.90 pts.
of 65/35 acid. The resulting waste acids were known to have a
life of at leagt 12-18 hours; actually they were found to remain
stable for about 21 hours. The lowest acid ratio used up to
the present is 2.80 parts of 65/35 acid.

The throughput timce in the separator are 3C mins. for the
DEGN and 9C-1C0 mins. for the wastc acid; very clear separation
is obtained. Obviously the lowest permissible 1lifc for the woste
aeid is about & hours, without allowing any factor of safety.
It is considered that an acid with a normal life of 6 hours
probably represents the best compromise between economy and safety
in working.

The nominal rate of production of 100 1b/hr. of wnshcd

product -is .attained without difficulty, thc fecd rotes for this

output being approx: 60 1lb/hr. DEG ~nd 170-190 1lb/hr. mixcd ~cid,
depending on the ratio uecd, The brinc tompernture risce 5°C
(9°F) and the overall hcat tronefer cocfficicnt nppere to be 50
BTU/sq.ft/OF/hr, thc quintity of brinc uescd being 200-250 g-lsg/hr,
In an experiment to find the maxiinura throughput obtnin-ble, it

was found that above the feed ratcs corrcsponding to 125 1b/hr. of
product, the nitration teuperaturc could pot tc hcld down,
although the brinc woe only warmed uo 6-7 C,. The limiting
factors are therefore the overall hcat tranefer cocfficicnt, cnd
the cooling surface availablec.

2. Prewashing, The quantity of watcr fed to thc columns is
calculated to yicld a prewash liquor containing 43 HNOz, 6%
DEGN (sce Section V)., Under thcsc contitions, the ncidity of
the DEGN leaving the columns is found to be 0.1% HNOz, or lcss.
The water feed rote for 100 1b/hr. output is 35 1b/hr (0.C06 gals/
minute)., If the water ratec is raiscd to 0.10-C.11l gnls/min.,
corresponding to 30% HNOz in the prewash water, the acidity of
the DEGN is reduced to 0.L2% HNOg.

3« Alkali Waghing. The DEGN produced from the final wash
unit originally did not givc a satisfoctory Heat -Test, bcecause of-
the failurec of the DEGN to separatc, nnd the imperfcect washing
which resulted. The heat tests obtnined varied from 1% to 5
minutcs, The improvement of this plant is still in hand, and
no further results are go far available. Incompletely stabilized
DEGN is given additionnl washes in thc batch storage tanks.

4, Yields: The runs made up to the prescnt havc mostly
been of 5 hours duration, and the yiclde aseessed from this period
of operation are necessarily lower thnn crlcul~ted yiclds bceecnusc
the DEGN lost in the displacement acid at the end of the run, is
a significant fraction of the total yield. Yields between 87,04
and 87.4% have been obtained, and if these are corrected for the
displacement acid loss, the gross yield, excluding working losses,
is 89,5 — 89.9%, which agrees well with the calculated yields.
These are set out in the: flow sheets attached to this section and
to Section V of the report.
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DRAWING No. 3

NITRATOR AND SEPARATOR - GENERAL ARRANGEMENT



FLOW SHEET (

FOR THE

PRODUCTION o 1001 D.E.G.N.

D.EG. SUPPLY

|

DEG.SERVICE TANKS

ACID MIXING PLANT

M/A SERVICE TANKS

MIXED ACID
| 176-5.8s

LBs
H.SO. 35 617

HNO, 65 Ii48
L Z
\/3
NITRATOR
SEPARATOR o
'__—-_-_t:/' \
ACID ESTER
143-OLas
1 ies
38 18 22
DEGN 745 1065
[HO 0% 713
WATER PREL[N{NARY o 76°5 Les
355 | WASHING COLUMNS 1o b 3
HNO. 430 29
DEGN 60 4-
HO 480 368
DEACIDIFIED
DEGN. |
ﬁgg.mm 102-O Las LABYRINTH .
LBS
o 00m| <  FINAL AR ‘LIFT
WS?I'FEL jIXER i 1300 es
STABILISED
— DEGN. FORTIFIED
1005 Les PREWASH LIQUORS
] 206-57t.ls
TRANSPORT SQ.  62-1 1283
L =
STORA"GE TANKS \ A
' DENITRATION ACID
FILTER 3009 Les
| 3 188
| H,SQ. 62"4 878
BURETTE HNO, 14 424
DEGN. ‘
100 ves DENITRATION PLANT
RECOVERED IT"EMT%TED’
NITRIC ACID SULPHURIC ACID
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FIG.III. SCHMID PLANT - PREWASHING COLUMNS.




FI6.IX. SCHMID PLANT - FINAL WASH COLUMNS.
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FIG. Y. SCHMID PLANT - D.E.G. SUPPLY TANKS.
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